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The electronic absorption spectra of some selected thiones, viz. thiobenzophenone and its
alkoxy and amino derivatives have been studied in a number of solvents. The bands obtained
have been asstgned to different electronic transitions. The electronic spectrum of a thioketone
includes n-->-It* transition (lowest energy), an intramolecular char gevtransfer transition and
the htghest energy It-->-It* transition, most probably corresponding to Iblu---+1alg transition. Steric
as well as inductive effects of some substituents and the polarity of the solvent on the different
electronic transitions have been Investtgated. Molecular orbital calculations using the SCFMO
treatment have been carried on some of the thiones. Agreernent between the computed transi-
tion energies and the experimentally found ones is adequate.
THE difficulty in the preparation, purificationand isolation of thiones>? has restricted thestudies of their electronic absorption spectra-?".
It can safely be assumed that the absorption
spectra of thiones have not been studied to the
same extent as those of the carbonyl compounds.
The strong mesomeric effect of thiocarbonyl group
was demonstrated by carrying simple LCAO-MO
calculation-", Fabian et al.12 studied the spectra
of some thiocarbonyl compounds and derived an
expression of the lowest unoccupied MO using the
HMO method. In the present investigations the
spectra of some selected thiones have been exten-
sively studied in a number of solvents. The
spectra were interpreted and the effect of substi-
tuents 0:1 the different transitions investigated. The
lowest 7t~7t* transition was calculated using the
SCFMO method.
Materials and Methods
Polar solvents were purified by conventional
methods-". Carbon tetrachloride, n-heptane and
isooctance were BDH an alar grade reagents and
were used as such. Cyclohexane was purified by
stirring, with fuming sulphuric acid for 8 hr, washed
successively with water, sodium carbonate and water.
It was left overnight over anhydrous magnesium
sulphate and finally distilled.
Thiobenzophenone and alkoxythiobenzophenones
were prepared by refluxing the corresponding ketone
with P2SS in xylene'', 4,4'-Bis(dimethylamino)thio-
benzophenone was prepared by the literature
method-s, 4,4' -Diaminothiobenzophenone was
prepared by refluxing the corresponding ketone
with P2SS in pyridine. Compounds Were purified
by repeated crystallizations.
Spectra were scanned on a Beckman DK-1
spectrophotometer using 1·0 em fused silica cells.
"Present address: Department of Chemistry, Faculty of
Science, University of Kuwait, Kuwait.
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Results and Discussion
Electronic Absorption Spectra
Thiobenzophenone and alkoxythiobenaophenones :-:
Aromatic carbonyl compounds usually show thr ee
absorption bands K, Band R in the visible-UV
regions (following Burawoy notation). The K band
is assigned to an intramolecular charge transfer (CT)
transitions, the B band to the forbidden transition
associated with the partial phenyl chromophore
and the R band to the n~7t* transition of the
C=O chromophore. Overlap of the transitions
corresponding to the K and B bands is a common
feature of the spectra of carbonyl compounds.
Thiocarbonyl compounds are expected to show
bands corresponding to transitions similar to those
of carbonyl compounds. Thiobenzophenone shows
three well-defined isolated band systems. The n~7t*
transition of the C=S is red-shifted, more intensified
and of less vibrational structure than the corres-
ponding transition of the C=O chromophore. The
red shift may be attributed to either lowering of the
energy of the excited state or raising that of the
ground state.
Thiobenzophenone shows an intense band at 316
nm in cyclohexane and at 326 nm in ethanol.
Intensiti y of this band makes it unreasonable to
assign it to the forbidden transition of the partial ben-
zene chromophore, Red shift of band maximum
in polar solvent in addition to its high ir,tensity lead
one to assign it to the intramolecular CT transition.
If we adopt the concept of discrete chromophores in
the system, the intramolecular CT transition corres-
ponds to a transition from the highest occupied MO
of a phenyl chrornophore to the lowest vacant MO
of the C=S chromophore. Thus, the B band of
carbonyl compounds does not appear as a separate
band in the spectrum of thiobenzopher-one. This
transition gets submerged under the stronger intra-
molecular CT band. Thus the 316 nm band of
thiobenzophenone corresponds to the K band of
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benzophenone which exhibits Amax at .-1245 nrn.
Thiobenzophenone also shows a band with Amax at
246 nm. Solvent effects on band maximum show
that this band corresponds to 7t~7t* which may
be ascribed to the Iblu+-1ag transition of the
benzene chromophore. Here again, the simple con-
cept of discrete chromophores in the molecule is
adopted.
To confirm the above assignment some physical
parameters related to band intensity were calculated.
These are the oscillator strengthj', Einstein transition
probability coefficients (Aij, Bij) usirg the equa-
tions'" :
f = 4·6 X 10-9 lOmax h
(h = half width of the absorption band III crrr+)
Bij = 14·5 X 1024Dij
Aij= 7·24x10l0(V)3Dij
where Dij is given by
Dij = 3·98x 10-20(v)-lf€(v)dv
and the integral:
J10(v)dv= lOmax (1·0645)h
The values of band maxima, molar extinction
coefficient and the oscillator strength for thiobenzo-
phenone and its alkoxy derivatives, given in Table 1,
indicate that transition. probability coefficients are
extremely small for the forbidden n~7t* transition
and are large for the allowed 7t~7t* transitions.
The alkoxythioketo.ies follow the symmetry point
group (C2.) as a thiobe izophenone molecule. From
the structural point of view the electro.iic transitions
obtained in thiobenzophenone are to be obtained
in its alkoxy derivatives as well though perturbed
to smaller or greater extent due to the substituents.
Though the n~7t* transition is thought to occur bet-
ween molecular orbitals localized on the C=S
chromophore (similar to that of C=O groupl6) yet
it will be affected by the substituent. An electron
withdrawing group will red shift the band maximum
of an n~7t* transition and vice versa. This is seen
when spectra of alkoxythioketones are compared
with that of thiobenzophenone (Table 1). On the
other hand, an intramolecular CT transition, in
thiobenzophenone, will be red shifted on substitution
with an electron donor. In different solvents, three
band systems are obtained for the spectra of alkoxy-
thiobenzophenones. These are assigned to transi-
tions similar to those of thiobenzophenone (Table 2).
The effect of substituent and solvent polarity on
the n~7t* as well as the CT transitions are evident.
The data given in Table 1 indicate blue shift of
the n~7t* transition and red shift of the band
assigned to a CT transition with solvent polarity
(Ama" at 316 nm in thiobenzophenone and at 346 in
4,4-dimethoxythiobenzophenone). The energy of a
CT band is approximately given by
ECT = In-EA-C
where In is the ionization potential of the donor, EA
is the electron affinity of the acceptor and C is a
coulombic attraction term. Ionization potential
of benzene is 9·24 eV whereas that of methoxyben-
zene-? is 8·20 eV. Hence, a CT transition will be
TABLE 1 - NUMERICAL VALUES OF OSCILLATOR STRENGTH (f)
TRANSITION PROBABILITY COEFFICIENTS (Aij AND B;j) OF
THIOBENZOPHENONE AND ALKOXYTHIOBENZOPHENONES IN
CYCLOHEXANE
Amax e f »; 10-2 AijXl0-S BijXl0-S
nm
THIOBENZOPHENONE
600 180 0·25 0'0469 0'202
316 16012 46'38 30'97 19'57
246 9554 30·55 33-67 10·04
4,4' -DIMETHOXYTHIOBENZOPHENONE
583
341
242
274
27742
13226
0'36
46·55
44·01
0'0707
26'78
50'11
0'28
21·27
14'22
4,4' -DIETHOXYTHIOBENZOPHENONE
584
344
246
350
38000
21600
0·47
62·64
81'95
0·0916
35'30
90·60
0'366
28'69
26·92
4- ETHOXY -4-METHOXYTHIOBENZOPHE NONE
585
343
244
309
33320
20180
0·41
55'57
58'20
0·0807
31'51
65'61
0·324
25·45
19'02
BENZOPHENONE
346 130
248 20425
TABLE 2 - BAND MAXIMA (urn) FOR THE STUDIED
ALKOXYTHIOBENZOPHENONES IN A NUMBER OF SOLVENTS
Solvent 4,4' -Di- 4,4'-Di- 4'-Ethoxy-
methoxy- ethoxy- 4-methoxy-
thiobenzo- thio benzo- thiobenzo-
pheuone phenone phenone
583 583 584
341 344 343
242 246 244
582 582 584
343 344 343
248 244 243
562 562 566
350 353 350
244 246 244
574 572 568
345 351 349
573 573 572
350 354 353
572 578 576
355 357 356
Cyclohexane
Isooctane
Methyl alcohol
see-Butyl alcohol
Aceton i tri Ie
Dimethylformamide
?f lo~er energy in dirnethoxythiobenzophenone than
In thiobenzophencne. The results obtained are in
a~cord with this view. It is clearly seen that the
highest e~,ergy transition (.-1240 nm) in thiobenzo-
ph~nor.e is but slightly affected by substitution.
This confirms the assignment of this transition to
be corresponding to the lb1U+-1ag transition of
benzene.
The effect of the refractive index of the solvent
on the position of band maxima was investigated
7
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Fig. I-The relation between (n~-l)/(2n~+l) and the band
maxim" for the electronic transition at 29412 em:" for
different compounds
by studying the spectra of alkoxythiobenzophenones
in n-hexane, n-heptane and isooctane, in addition
to cyclohexane, The relation between (n~ -1) I
(2n~+ 1) and the band maxima for the electronic
transition at 29412 ern'? (the K band) is shown in
Fig. 1. The frequency of this transition is slightly
red shifted with increase in refractive index of the
solvent. This behaviour is expected from the effects
of dispersion forces.
Amino and methylaminothiobenzophenones - It is
expected that in these compounds, as compared to
thiobenzophenone, bands corresponding to the n--77t*
or intramolecular CT transitions will be significantly
affected. Such types of substituents will red shift
an intramolecular CT transition and blue shift the
n--77t* one.
The absorption spectra of 4,4'-diaminothiobenzo-
phenone in a number of solvents clearly show this
tr~nd. A comparison of the spectra of 4,4' -diamino-
thlobenzophenone and thiobenzophenone in carbon
tetrachloride reveals that (i) the n--77t* transition
of the amino derivative of thiobenzophenone is
significantly blue shifted (Amax = 577 nm) compared
to that of thiobenzophenone (Amax = 600 nm) ; (ii) the
CT band (K band) has been significantly red
shifted (378 nrn] in the amino derivative compared
to that of thiobenzophenone (316 nm). Red shift
of the K band is accounted for by the low ionization
potential of aniline (7·70 eV) compared to that of
benzene or methoxybenzene. The above results
ar~ confirmed by studying the spectra of 4,4'-bis-
(d1methylamino)thiobenzophenore in which the n--77t*
transition is blue shifted and the K band is
red shifted more than in the case of 4 4' -diamino-
thiobenzophenone. As observed in the case of
8
thiobenzophenone and alkoxythiobenzophenones,
n--77t* transition and CT band are also affected by
the polarity of the solvent.
In Table 3 band maxima, molar extinction
coefficients and the transition probability coefficients
of the amino and Nsdimethyl derivatives of thio-
benzophenones are given.
It may thus be concluded that the electronic
spectrum of a thioketone includes an n~7t* transi-
tion (lowest energy) ,.an intramolecular CT transition
and the highest energy transition 7t--77t*,most prob-
ably corresponding to the Ib1u.r1alg transition of
benzene. In the case of benzophenone the highest
energy transition is the intramolecular CT one and
has a long wavelength tail corresponding to Ib1u.r1alg
transition of the benzene chromophore. How-
ever, this assignment has been made by considering
the molecules in terms of discrete chrornophores .
Such a procedure may appear simple, yet it goes
satisfactorily with many experimental results. A
better way of interpreting the electronic spectra is
by assigning the bands to transitions between MO's
of the molecule as one unit.
\ .
Molecular Orbital Calculation
In the SCFMO method of calculation, eigen values
are the roots of the secular equation:
IFU1t-ESuvl = 0 ... (1)
In the SCF variant of the PPP18,19 method, the F
matrix is diagonalized;
F'Y; = E;'Y;
The eigen vector:
'Y.= "ZCuif>1-'
I-'
and eigen values, Ei. are used to get the energy of
an excited singlet state, X;-7j, from the expression:
E4j = Ej-E;-(iiljj) +2 (ijlij) ... (4)
Elements of the F matrix are given by
FI-'I-'= -II-'+tql-'YI-'I-'+ "Z (qv-nv)Yl-'v
V#I-'
... (2)
... (3)
FI-'v = ~l-'v-tPl-'vYl-'v
where II-' is the VSIP,
density on atom !L and
... (5)
... (6)
ql-' is the total -e-electron
PI-'V are the 'IT-bond orders
TABLE 3 - BAND MAXIMA AND MOLAR EXTINCTION
COEFFICIENTS OF 4.4' -DIAMINO- AND 4,4' -BIS-
(DIMETHYLAMINO)-THIOBENZOPHENONE IN CARBON
TETRACHLORIDE
Amax
nm
Jx 10-2 A;Jx 10-s BiJ x 10-0
4.4' -DIAMINOTHIOBENZOPHENONE
577
378
253
0·836
22·85
14·83
640
28750
12910
1·08
45·26
43·88
0'2172
21-13
45·71
4.4' -BIS-(DIME THYLAMINO)THIOBENZOPHENONE
574
416
258
0·941
33·44
24·79
878
42540
18940
1·22
60·19
71·95
0·2483
23·19
72-08
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between atoms (L and v, The two-electron repulsion
integrals are designated by Y, and ~ is the
one-electron two-centre integral. In Eq. (5) n; re-
presents the number of electrons donated to the
7t system by the vth atom. The F matrix is then
solved iteratively to self-consistency. The e igen
values obtained will be mainly dependent on the
diagonal and nearest off-diagonal elements.
Tbiobenzopbenone - Numerical calculations begin
by solving the eigen value mati ix usirg the HMO
method, to get values of qp. and Pp.v needed to
calculate the diagonal and off-diagonal elements cf
the F matrix.
Nishimoto and Forster'" suggested that, for most
of neutral molecules, q~-nv is rather small and Eq.
(5) can be written as
F p.p.~ - I I' +tq I'Y 1'1' ••• (7)
According to the Pariser-Parr approximation:
Yp.p. = Ip.-Ap. ... (8)
If np. = 1 and qp.= 1, then
Fp.p.= -tJp.-tAp. ... (9)
Numerical values of F 1'1' calculated from Eqs, (5)
and (9) did not vary significantly. The off diagonal
elements, Fuv, were calculated using Eq. (6) and
~p.v= -2524 eXP{-5.04i(Z':z:ZV-2Y-5Yp.} .. (10)
where Zp. and Z~ are effective nulcear charges on
atoms {L and v and Zc is the effective nuclear charge
on carbon atom, Yp.v is the bond length between atoms
{L and v,
14·397
Yp.v= (a2 +r2)1/2 •.. (11)
p.v p.JJ
where
2 X 14·397
ap.v = Yp.p.+Yvv
as given by Mataga21. Values of Y1'1' were calculated
from Eq. (8) or obtained from published tables.
The parameters used for calculations on thiobenzo-
phenone were (eV):
ac = -11·27, ~c=c (in benzene) = -2·42
as = -12·68, ~c=s = -3·20 and ~c-c = -2·18
The self-consistent numerical values foi £7 and £8
(after solving the F matrix iteratively) were found
to be -10·053 and -2·300 eV respectively. The
values obtained for the integrals (iifjj) and (ijlij) were
found to be 5·091 and 0·581 eV respectively (i = 7th
MO and} = 8th MO). Substituting these values in Eq.
(4) the singlet -r singlet lowest 7t-r7t* transition is
found to be 3·82 eV. Experimentally, this transi-
tion has an energy of 3·92 eV; correspondence bet-
ween the two values is quite satisfactory.
4,4'-Dimethoxythiobenzophenone - To confirm the
above results, SCFMO calculations using the PPP-
variant were performed on 4,4'-dimethoxythiobenzo-
phenone. The same procedure was followed, and
the additional parameters were (1.0 = -15·30 eV,
~c-o = -1·95 eV. The self-consistent eigen values
for the 9th molecular orbital (ith MO) and the 10th
molecular orbital (jth MO) were found to be -8·816
and -2·077 eV respectively. The terms (ii!jj) and
(ijlij) were found to be 4·185 and 0'455 eV respec-
tively. These results gave 3·445 eV for the singlet
-e-singlet lowest 7t-r7t* transition. This compares
favourably with the value 3·64 eV obtained experi-
mentally in spite of the fact that the presently
studied molecules are not completely planar and
the number of 7t electrons is relatively large (14 and
18 electrons) in thio- and dimethoxythiobenzo-
phenones.
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